Abstract-In this paper, a dual-fed circularly polarized antenna design with high isolation is presented for radio frequency identification (RFID) reader. The proposed antenna is excited by two fed ports connected with a circular split-ring microstrip line underneath the ground plane. A radial aperture in the ground plane provides coupling between the split-ring microstrip and radiating patch. For multiple RFID band requirements, the dimension of the aperture can be modified to obtain high isolation on different RFID Band. Finally, an antenna prototype for China RFID Band (920-925 MHz) is fabricated. The measured results agree well with simulation, and show 10-dB matching bandwidth of 18% (820-1000 MHz), 3-dB axial ratio (AR) bandwidth of 11% (854-960 MHz), and 25-dB isolation bandwidth of 11 MHz (917-928 MHz).
INTRODUCTION
The radio frequency identification (RFID) is an automation identification technology that uses radio wave to exchange data between reader and tag attached to an object. Currently, RFID application has seen significant growth in the fields of medicine, security, transportation, logistics, and so on. Antenna design has played a crucial role in the increasing development of RFID technology. Antennas are utilized respectively at the reader and tag, namely reader antenna and tag antenna. The purpose of reader antenna is to process the transmitting (Tx)/receiving (Rx) signal, so the reader can identify the presence of one or several RFID tags. Since tag antennas are normally linearly polarized, circular polarization (CP) radiation of reader antenna is preferred in order to make the identification reliable and more efficient, outlines the antenna parametric study. In Section 4, the measured results of prototype are discussed and compared with simulation. The conclusions are given in Section 5. Figure 1 shows the structure of proposed antenna. It consists of a square radiation patch of L2 (104 mm) × L2 (104 mm), which is suspended H1 = 11 mm above a ground plane of L1 (130 mm) × L1 (130 mm). The ground plane is printed on the top side of the FR4 substrate (ε r = 4.4, tan δ = 0.02, and H = 1.6 mm), and a circular split-ring microstrip line connects two ports on the bottom side of FR4. The Tx port (#Tx) is on the right side, whereas the Rx port (#Rx) is on the left side. A radial aperture is formed using 12 slots on the ground. These slots are all of equal length L3 and width S, and arranged at equal angle intervals. The longitudinal axis of each slot pass through the centre of ground, and a large hole of radius R2 is formed in the multiple slot intersection. In Figure 1 , the circular spiltring microstrip and slots are overlapped to show relative geometrical position between them. It is shown that the centre of hole on the aperture is placed at the centre of circular split-ring, and the length Figure 1 . Geometry of the proposed antenna.
ANTENNA STRUCTURE AND DESIGN
L3 of slot is approximately equal to the diameter L4 of split-ring. The split-ring microstrip pass underneath all the ends of slots, and a 100 Ω resistor is added on the split of circular ring. The dimension of proposed antenna is as shown in Table 1 . Figure 2 . It can be seen in Figure 2 (a) that surface current is flowing along the microstrip line from Tx to Rx port, and gradually attenuated. The current nearby Rx port is greatly weak than that nearby Tx port. As shown in Figure 2 (b), The microstrip passes underneath the slots in a serial manner, and generates coupling points at all the end of slots for feeding radiating patch. The slot aperture is equivalent to a defected ground structure (DGS), which has the effect of narrow band rejection filter. These structures enable a sufficient isolation between Tx and Rx port at a certain frequency. (anticlockwise) with time. Since the proposed antenna has a bilaterally symmetrical mirror structure, The Tx and Rx port can interchange to create Left Hand Circular Polarization (LHCP). An opposite rotation (clockwise) for LHCP can similarly be achieved by Rx port. With the proposed antenna, the RFID reader transmits RHCP, while it receives LHCP. Thus, the proposed structure has dual circular polarization in one antenna body, and orthogonal polarization improves isolation between two ports. Since tag antenna generates linear polarization, the RFID communication link is working properly.
PARAMETRIC STUDY
This section is intended to give an insight into the antenna behavior of parametric variation. The considered parameters are the presence of RF resistor, the diameter of split-ring microstrip (L4), and the width of slot (S) on the ground. In order to keep the relative geometrical position between slots and circular spilt-ring, the length L3 of slot is always approximately equal to L4, no matter how L4 varies. Each of graph shown below exhibits the variation of only one parameter respectively, while others are kept constant. The first investigated parameter is the resistor added on the split of circular ring. As shown in Figure 4 has a minor effect on the 10-dB matching bandwidth, while 3-dB axial ratio (AR) bandwidth is extended in Figure 4 (c). In Figure 4 (b), the isolation performance is obviously improved and presents a significant shift down of S 21 curve. The presence of 100 Ω resistor enlarge the 25-dB isolation bandwidth from 4 MHz (919-923 MHz) to 8 MHz (917-925 MHz). So, we maintain the presence of resistor in the below simulations and measurements. A variation by the width S of slot may affect the isolation bandwidth. Figure 5(b) shows that the S 21 curve shifts slightly in frequency, as the width S is increased from 1 mm to 4 mm. Meanwhile, the 10-dB matching bandwidth still remains 19% (190 MHz), in Figure 5 (a). The AR response in Figure 5 (c) is mainly affected at the lower end of band, while the change of higher end is small.
The diameter L4 of split-ring microstrip has significant effect for isolation performance. It is clearly observed in Figure 6 (b) that the S 21 curve achieves obvious shift in frequency, as the diameter L4 is changed from 76 mm to 80 mm. In any case, the 10-dB matching bandwidth with criteria S 11 ≤ −10 dB still remains over 20% (200 MHz) in Figure 6 (a). The AR response in Figure 6 
MEASURED RESULTS
A proposed antenna prototype for China Band (920-925 MHz) is fabricated. The top, bottom and side view of prototype are displayed on Figures 8(a), (b) and (c). For convenience in fabrication process, the FR-4 substrate with microstrip line and ground plane is sitting on a 11 mm thick layer by foam support above the patch substrate. Figure 9 shows the antenna under test (AUT) placed inside the anechoic chamber for radiation pattern and axis ratio pattern measurements. The test setup uses a linear spinning antenna as probe antenna in the measurements. The measured reflection and transmission coefficients with simulation are shown in Figures 10(a) and (b) , respectively. The measured reflection coefficient magnitude (S 11 ≤ −10 dB) presents a bandwidth of 180 MHz (820-1000 MHz), which yields a percentage bandwidth of 18%. The measured transmission coefficient magnitude (S 21 ≤ −25 dB) presents a bandwidth of 11 MHz (917-928 MHz), which covers the China (920-925 MHz), Korea (917-924 MHz) and Australia (918-926 MHz) RFID Band. Figure 10(c) shows the measured AR response compared to the simulated results. The measured AR bandwidth (AR ≤ 3 dB) presents a bandwidth of 106 MHz (854-960 MHz). Figure 11 shows the axial ratio pattern at 922 MHz. The axial ratio was smaller than 3.0 dB over 85 • in the upper hemisphere on the xoz-plane. A similar axial ratio performance was observed over 100 • on the yoz-plane. 
CONCLUSIONS
In this work, a novel RFID reader antenna with dual polarization and high isolation is proposed. The antenna consists of a separate radiating patch and an aperture-coupled ground plane. The radiating patch is fed by a circular split-ring microstrip line through the aperture ground. A compact antenna size, dual-port-isolation better than 25 dB and good circular polarization are achieved by proposed structure without using microstrip branch line coupler or other complex feed networks. Detailed parametric study was discussed, such as the presence of resistor, the diameter of split-ring microstrip, and the width of slot on the aperture. These antenna parameters can be varied to realize optimized isolation bandwidth for different RFID band.
An antenna prototype for China Band (920-925 MHz) was fabricated and measured, which showed good agreement with simulation. The prototype presents 10-dB matching bandwidth of 18% (820-1000 MHz), 3-dB AR bandwidth of 11% (854-960 MHz), and 25-dB isolation bandwidth of 11 MHz (917-928 MHz). The maximum measured RHCP gains are 4.3 dBic in xoz-plane, and 4.9 dBic in yozplane. Such proposed antenna can serve as a good candidate for RFID reader installations.
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